Key Points {#FPar1}
==========

Increased risk for hepatic cyst infection during use of lanreotide has been observed in the ongoing DIPAK-1 Study.A literature review also suggested an increased risk for hepatic cyst infection during use of somatostatin analogs.A history of hepatic cyst infection may be a factor that predisposes for a novel cyst infection.If a hepatic cyst infection develops, stopping somatostatin analog treatment should be considered, based on an assessment of the potential benefit of the drug vs. the possible increased risk for recurrent cyst infection.

Introduction {#Sec1}
============

Autosomal dominant polycystic kidney disease (ADPKD) is a hereditary progressive disorder characterized by the formation and growth of renal and hepatic cysts. In most of the affected patients, progressive renal function loss leads to end-stage renal disease. In general, there is a need for renal replacement therapy between the fourth and sixth decade of life \[[@CR1]\]. At the age of 35 years, more than 90% of ADPKD patients have one or more hepatic cysts \[[@CR2]\]. Polycystic liver disease (PLD) is defined as the presence of ≥20 hepatic cysts \[[@CR3]\]. Hepatic cysts can also occur sporadically in the absence of a renal cystic phenotype in \~10% of the population \[[@CR4]\]. Patients with PLD in whom ADPKD is ruled out are referred to as autosomal dominant polycystic liver disease (ADPLD) \[[@CR5]\]. In general hepatic cysts do not affect liver function \[[@CR6]\]. The increase in total kidney volume (TKV) and total liver volume (TLV) can be severe and lead to intra-abdominal mass-related complaints, such as abdominal discomfort, pain, and early satiety, which negatively impact quality of life \[[@CR7], [@CR8]\].

Previous small-scale studies suggested that somatostatin analogs have the potential to slow the rate of kidney function decline and cyst growth by 50% \[[@CR9]\]. The ongoing DIPAK-1 Study is designed to establish the efficacy of the somatostatin analog lanreotide, to preserve kidney function in later stage ADPKD, affecting quality of life and life span \[[@CR10]\]. Known side effects of somatostatin analogs are transient gastrointestinal complaints, such as diarrhea and abdominal cramps. There is no evidence suggesting that these drugs increase the risk for infections \[[@CR11]\]. However, during the DIPAK-1 Study, eight episodes of hepatic cyst infection developed in seven patients taking lanreotide, whereas in the control group no such events occurred. Although hepatic cyst infections have been reported in several trials that investigated somatostatin analogs \[[@CR12], [@CR13]\], these events have not been causally linked to this class of drugs.

In this report, we describe the ADPKD patients enrolled in the DIPAK-1 Study who were diagnosed with a hepatic cyst infection. We investigate factors that might contribute to these infections and provide a systematic review of literature on the occurrence of hepatic cyst infections in other trials with somatostatin analogs in ADPKD and PLD.

Methods {#Sec2}
=======

Study Population and Design {#Sec3}
---------------------------

The DIPAK-1 Study is an investigator-driven, randomized, controlled, open-label, multicenter trial of patients ages 18--60 years with an estimated glomerular filtration rate (eGFR) of 30--60 mL/min/1.73 m^2^. Patients were enrolled at four University Medical Centers in the Netherlands (Groningen, Leiden, Nijmegen, and Rotterdam) between June 2012 and March 2015. Patients were randomly assigned in a 1:1 ratio to receive standard care (control group) or subcutaneous lanreotide injections (120 mg, Somatuline; Ipsen, Boulogne Billancourt, France), every 28 days for 120 weeks, in addition to standard care (intervention group). Lanreotide was administered by trained nurses from an independent home service as part of routine clinical care. The patient or nurse received the medication from the local pharmacy. The lanreotide was stored at home until administration in a refrigerator between 2 and 8 °C.

The trial design is described in detail elsewhere (ClinicalTrials.gov identifier NCT 01616927). The DIPAK-1 Study is conducted in accordance with the International Conference of Harmonization Good Clinical Practice Guidelines and the ethical principles that have their origin in the Declaration of Helsinki. The protocol was approved by the institutional review board (IRB) of the University Medical Center Groningen (METc 2012/060), that acted as the central IRB, and by the IRBs at each trial site. All patients provided written informed consent.

Patients with Hepatic Cyst Infection {#Sec4}
------------------------------------

We performed an interim analysis of the ongoing DIPAK-1 Study using data until 28 January, 2016. At the time of analysis, all patients were randomized and enrolled for at least 10 months. Our interim analysis describes the eight episodes of hepatic cyst infection in seven patients (cases). This diagnosis was made by the treating physicians based on clinical symptoms and additional investigations \[[@CR14]\]. These physicians provided detailed information on clinical, biochemical, microbiological, and imaging results. A body temperature \>38 °C was considered as fever. Baseline characteristics were extracted from the DIPAK-1 Study database, which allowed a direct comparison between patients taking lanreotide, with and without hepatic cyst infection. Specifically, the following patient and disease characteristics were extracted: demographics, study arm, body mass index, laboratory results at baseline and, if applicable, at presentation of cyst infection, DNA mutation analysis, magnetic resonance imaging (including TLV and TKV), history of hepatic and/or renal cyst infection, and history of urinary tract infection. We used center-specific cutoff-values for laboratory values to identify abnormal results.

Literature Review {#Sec5}
-----------------

To investigate the incidence of hepatic cyst infections in ADPKD and PLD patients in other clinical studies with somatostatin analogs, we systematically searched the electronic database of PubMed on 19 January, 2016 using the following query: \[somatostatin AND (ADPKD OR polycystic kidney disease OR PLD OR polycystic liver disease)\].

Statistical Analysis {#Sec6}
--------------------

We used descriptive statistics to summarize demographic and baseline clinical characteristics of patients. Continuous variables are expressed as mean with standard deviation or as median with interquartile range, as appropriate. The Chi-square test and Student *t* test for parametric data and the Mann--Whitney *U* test for non-parametric data were used to compare baseline characteristics between hepatic cyst infection cases and the remainder of patients randomized to lanreotide treatment. All tests were two-tailed and a *p* value of \<0.05 was considered to indicate statistical significant differences. Statistical analyses were performed using SPSS 22 (SPSS Statistics, Inc., Chicago, IL, USA).

Results {#Sec7}
=======

Patients with Cyst Infection {#Sec8}
----------------------------

Seven of 309 patients (2%) developed a total of eight hepatic cyst infection episodes. These cases are described below and clinical details are summarized in Table [1](#Tab1){ref-type="table"}. Importantly, in all cases the diagnosis of hepatic cyst infection was made by local physicians, which were not part of the study team.Table 1Characterization of eight hepatic cyst infection episodes in seven patients during the DIPAK-1 StudyCase (episode)Age (years)/sexLanreo-tide treat-ment (months) and dosage (mg)Cyst infec-tion historyClinical findingsMaximum serum CRP (mg/L)Liver panelAdditional investigationsCyst infection treatmentAntibiotic treatment duration (days)Hospital admission (days)1 (1)46/M3, 120NoFever (38.7 °C) RUQ abdominal pain\
Mild diarrhea584↑AST 37\
ALT 32 ALP 69 GGT 50 Bili 10 (tot)*Imaging*\
Chest radiograph/\
USG-abdomen/MRI-abdomen: unremarkable\
^18^F-FDG PET/CT: two hepatic cysts showing signs of infection\
*Cultures*\
Urine: negative\
Blood: *E. coli*\
Cyst aspirate: pus, no pathogen isolated*Antibiotic*\
Cefuroxime 750 mg/metronidazole 500 mg, three times daily (2 days)\
i.v. gentamicin 300 mg bolus (three times in 1 week)\
Ciprofloxacin 500 mg twice daily (44 days)\
Amoxicillin 500 mg/clavulanic acid 125 mg (20 days)\
*Invasive*\
Cyst aspiration of hepatic cyst in liver segment VIII (day 9) and of hepatic cyst in liver segment VI (day 14)48301 (2)46/M5, 120Yes, case 1Fever (38.9 °C)\
RUQ abdominal pain190↑N/A*Imaging*\
MRI-abdomen: unremarkable\
*Cultures*\
Urine: negative\
Blood: negative*Antibiotic*\
i.v. ceftriaxone 2000 mg once daily (5 days)\
Ciprofloxacin 500 mg twice daily (13 days)206251/F5, 120NoRUQ abdominal pain\
Nausea\
Vomiting Fever (38 °C)329↑AST 29 ALT 27 ALP 57 GGT 39 Bili 11 (tot)*Imaging*\
CT-abdomen: unremarkable\
^18^F-FDG PET/CT: two hepatic cysts showing signs of infection\
*Cultures*\
Blood: *E. coliAntibiotic*\
i.v. piperacillin/tazobactam 4000 mg three times daily (3 days)\
Ciprofloxacin 500 mg twice daily (13 days)163354/F5, 120NoFever (39.6 °C)\
Cold shivers\
No pain245↑AST 36 ALT 62↑ ALP 119↑ GGT 83↑ Bili 15 (indirect)\
Bili 8 (direct)*Imaging*\
USG-abdomen: sludge in gallbladder\
*Cultures*\
Urine: negative\
Blood: *E. coliAntibiotic*\
i.v. cefuroxim 750 mg three times daily (3 days)\
Ciprofloxacin 500 mg three times daily (11 days)143455/F2, 120HepaticRUQ abdominal pain\
Fever (38.9 °C)N/AAST 17 ALT 19 ALP 52 GGT 39*Imaging*\
Chest radiograph/\
USG-abdomen/\
CT-abdomen: unremarkable.\
Repeated chest radiograph: right sided atelectasis or pneumonia\
^18^F-FDG PET/CT: unremarkable\
*Cultures*\
Blood: negative*Antibiotic*\
Ciprofloxacin 500 mg twice daily (2 days)\
i.v. meropenem 2000 mg and vancomycin 1000 mg (day 2)\
Ampicillin-tazobactam 1500 mg once daily (2 days)\
Amoxicillin/clavulanic acid twice daily (90 days)904556/F3, 120HepaticAbdominal pain\
Loss of appetite\
No fever156↑AST 16\
ALT 15 ALP 123↑\
GGT 106↑*Imaging*\
^18^F-FDG PET/CT: signs of a hepatic cyst infection\
*Cultures*\
Urine: negative\
Blood: negative*Antibiotic*\
i.v. cefuroxim/metronidazole (day 1)\
Ciprofloxacin (80 days)813649/F2, 90NoFever (38.3 °C)\
Cold shivers Diarrhea\
Abdominal cramps and pain105↑AST 24 ALT 21 ALP 150↑ GGT 230↑\
Bili 20 (tot)↑\
Bili 13↑ (direct)*Imaging*\
Chest radiograph/\
USG-abdomen: unremarkable\
Contrast-MRI-abdomen: both kidneys show signs of cyst bleed\
*Cultures*\
Urine: negative\
Blood: negative*Antibiotic*\
Ciprofloxacin 500 mg twice daily (42 days)425757/M19, 120NoFever (39.8 °C) Diarrhea Vomiting\
Flank pain Headache131↑AST 23 ALT 22 ALP 71 GGT 35\
Bili 6 (indirect)\
Bili \< 5 (direct)*Imaging*\
Chest radiograph/\
USG-abdomen: unremarkable\
*Cultures*\
 Urine: negative\
 Blood: *E. coliAntibiotic*\
i.v. ceftriaxone 2 g bolus (day 1)\
i.v. ceftriaxone 2 g once daily (2 days)\
Ciprofloxacin 500 mg twice daily (42 days)443Reference values: all cases CRP \< 5 mg/LCase 1, 3, 6: Bili total \< 17 µmol/L; Bili direct \< 5 µmol/L. Women: AST \< 31 U/L; ALT \< 34 U/L; ALP \< 98 U/L; GGT \< 38 U/L. Men: AST \< 35 U/L; ALT \< 45 U/L; ALP \< 115 U/L; GGT \< 55 U/LCase 2: Bili total \< 17 µmol/L; Bili direct \< 5 µmol/L; AST \< 40 U/L; ALT \< 45 U/L; ALP \< 120 U/L; GGT \< 40 for men and \< 55 U/L for womenCase 4, 5, 7: Bili total \< 17 µmol/L; Bili direct \< 5 µmol/L. Women: AST \< 30 U/L; ALT \< 35 U/L; ALP \< 100 U/L; GGT \< 40 U/L. Men: AST \< 35 U/L; ALT \< 45 U/L; ALP \< 115 U/L; GGT \< 55 U/L*ALT* alanine aminotransferase, *ALP* alkaline phosphatase, *AST* aspartate aminotransferase, *Bili* bilirubin, *CI* cyst infection, *CT* computed tomography, *E. coli Escherichia coli*, *eGFR* estimated glomerular filtration rate, *F* female, *GGT* gamma-glutamyl transferase, *i.v.* intravenous, *M* male, *MRI* magnetic resonance imaging, *N/A* not available, *RUQ* right upper quadrant, *TKV* total kidney volume, *TLV* total liver volume, *tot* total, *USG* ultrasonography, ^*18*^ *F*-*FDG PET/CT* ^18^fluorodeoxyglucose positron-emission computed tomography, ↑ laboratory values above reference values

### Case 1 (Episode 1 and 2) {#Sec9}

A 46-year old man with ADPKD and PLD (Fig. [1](#Fig1){ref-type="fig"}) presented with fever (38.7 °C) and complained of acute right upper-quadrant abdominal pain and mild diarrhea (Table [1](#Tab1){ref-type="table"}). Lanreotide treatment (120 mg) was started 3 months earlier (Fig. [2](#Fig2){ref-type="fig"}). At admission, laboratory investigations showed a grossly elevated serum C-reactive protein (CRP, 584 mg/L). Urine sediment examination showed no leukocyturia. Chest radiograph, abdominal ultrasound, and magnetic resonance imaging were unremarkable. Local physicians initiated intravenous antibiotic treatment with three times-daily cefuroxim/metronidazole plus gentamicin bolus injections. The urine culture was negative, but blood cultures grew *Escherichia coli*. Treatment was switched to oral ciprofloxacin and amoxicillin/clavulanic acid. ^18^Fluorodeoxyglucose positron-emission computed tomography (^18^F-FDG PET/CT) was performed at day 8 after admission to locate the infection source, which revealed two hepatic cysts showing signs of infection (Supplementary Fig. 1A). Because of persisting fever, the hepatic cysts were drained in two sessions at day 9. Cyst aspirations did not cause any complications. Both cysts contained pus, but cultures remained negative. After 30 days, the patient was discharged and ciprofloxacin monotherapy was continued for another 4 weeks. Recovery was uneventful. Lanreotide treatment was continued.Fig. 1Baseline T2-weighted magnetic resonance imaging of patients developing hepatic cyst infection during the DIPAK-1 Study. Height-adjusted liver volume (hTLV) were 2670, 1579, 823, 2723, 8635, 1901, and 997 mL/m in respectively, cases 1--7 (**a--f**). In five of seven patients, the phenotype consists of multiple small- and medium-sized cysts spread throughout the liver, with remaining large areas of non-cystic liver parenchyma \[cases 1--4 (**a--d**) and 6 (**f**)\]. One patient \[case 5 (**e**)\] showed a phenotype with massive diffuse involvement of liver parenchyma by small- and medium-sized liver cysts, with only a few areas of remaining normal liver parenchyma between cysts. Remarkably, the liver phenotype of the last patient who developed a hepatic cyst infection was limited to a single hepatic cyst \[case 7 (**g**)\] Fig. 2Reverse Kaplan--Meier curve showing time to development of a first hepatic cyst infection in autosomal dominant polycystic kidney disease patients participating in the lanreotide and control groups of the ongoing DIPAK-1 Study (interim analysis). The median time patients had received lanreotide until onset of hepatic cyst infection was 4 months (interquartile range 2--5 months)

However, 4 months after stopping antibiotic treatment, this patient again experienced acute abdominal pain in the right upper quadrant and fever (38.9 °C). Laboratory results showed an increased serum CRP (190 mg/L) and urinalysis excluded leukocyturia. No liver enzyme data were available during this second episode. One month after the diagnosis of the second liver cyst infection episode, Alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT) were increased (respectively, 97 and 144), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were normal. Magnetic resonance imaging could not locate the source of infection, and urine and blood cultures were negative. The working diagnosis was recurrent hepatic cyst infection and local physicians started intravenous ceftriaxone treatment, which was switched to oral ciprofloxacin 5 days later. After 6 days, the patient was discharged, and ciprofloxacin was continued for another 15 days. Final recovery was without sequelae. One month after the diagnosis of the second liver cyst infection episode, ALP and GGT were increased (respectively, 97 and 144), as AST and ALT were normal.

### Case 2 {#Sec10}

A 51-year-old woman with ADPKD and PLD (Fig. [1](#Fig1){ref-type="fig"}) presented at the hospital because of right upper-quadrant abdominal pain, fever (38 °C), nausea, and vomiting. Lanreotide treatment (120 mg) was started 5 months earlier. At admission, serum CRP was 329 mg/L and serum liver enzymes were normal (AST 29 U/L, ALT 27 U/L, ALP 57 U/L, and GGT 39 U/L). Local physicians initiated piperacillin/tazobactam intravenously under the suspicion of hepatic cyst infection. Blood cultures grew *E. coli*. Abdominal CT at admission showed no sign of hepatic cyst infection. Patient was hospitalized for 3 days. Treatment was switched to ciprofloxacin twice daily at discharge and continued for 2 weeks. ^18^F-FDG PET/CT was performed 3 days after discharge and revealed two hepatic cysts showing signs of infection. Recovery was uneventful.

### Case 3 {#Sec11}

A 54-year-old woman with ADPKD and PLD (Fig. [1](#Fig1){ref-type="fig"}) presented with fever (39.6 °C) and cold shivers without abdominal pain, after having experienced abdominal complaints during a few weeks following each lanreotide injection. Lanreotide treatment (120 mg) was started 5 months earlier. At admission, serum CRP was 245 mg/L and some liver enzymes were elevated (ALT 62 U/L, ALP 119 U/L, and GGT 83 U/L). Leukocyturia was excluded with urine sediment analysis. Abdominal ultrasound showed no abnormalities, except for gallbladder sludge. Blood cultures grew *E. coli*. The patient was hospitalized for 3 days and treated by local physicians under the suspicion of hepatic cyst infection with cefuroxime intravenously. At discharge, treatment was switched to ciprofloxacin for another 11 days. Recovery was uneventful.

### Case 4 {#Sec12}

A 55-year-old woman with ADPKD and PLD (Fig. [1](#Fig1){ref-type="fig"}) and a history of a hepatic cyst infection (6 months and 1 year prior to the current event) developed fever (38.9 °C) and right upper-quadrant abdominal pain during a stay abroad. Lanreotide treatment (120 mg) was started 2 months earlier. She was hospitalized in a foreign country. At admission, serum CRP and liver enzymes were not determined, but serum white blood cell count was 9.0 × 10e^9^/L. Liver enzymes on day 4 after admission were not raised (AST 17 U/L, ALT 19 U/L, ALP 52 U/L, and GGT 39 U/L). A chest radiograph and abdominal ultrasound (performed on the day of admission and 1 day after, respectively) were unremarkable. A chest radiograph was repeated on the second day of admission and showed right-sided abnormalities compatible with either atelectasis or pneumonia. In contrast, ^18^F-FDG PET/CT (performed 3 days after admission) was unremarkable. All blood cultures were negative. Under the suspicion of hepatic cyst infection, the patient was hospitalized for 4 days and treated by local physicians with intravenous ampicillin-tazobactam, vancomycin, and meropenem. This was followed by oral amoxicillin/clavulanic acid for a total of 90 days. Recovery was uneventful.

### Case 5 {#Sec13}

A 56-year-old woman with ADPKD and PLD (Fig. [1](#Fig1){ref-type="fig"}) and a history of hepatic cyst infection developed right lower-quadrant abdominal pain and experienced a loss of appetite. The patient had no fever. Lanreotide injections (120 mg) were started 3 months earlier. At admission, laboratory investigations revealed increased serum CRP (156 mg/L) and increased serum ALP and GGT (123 U/L and 106 U/L, respectively). Urine sediment analysis revealed leukocyturia. Under the diagnosis of hepatic cyst infection, the patient was treated with cefuroxim/metronidazole intravenously for 1 day. Blood and urine cultures remained negative. ^18^F-FDG PET/CT (performed 4 days after admission) showed signs of a hepatic cyst infection (Supplementary Fig. 1B). Treatment was switched to oral ciprofloxacin for another 80 days. After 3 days, the patient was discharged. Recovery was uneventful.

### Case 6 {#Sec14}

A 49-year-old woman with ADPKD and PLD (Fig. [1](#Fig1){ref-type="fig"}) was referred to the hospital because of upper abdominal pain, fever (38.3 °C) with cold shivers and diarrhea. Lanreotide injections (120 mg) were started 2 months earlier. Because of complaints of bradycardia and hypotension, the lanreotide dose was adjusted to 90 mg after the first injection. At admission, serum CRP was 105 mg/L, with elevated ALP (150 U/L) and GGT (230 U/L). Urine sediment analysis revealed leukocyturia. During admission, a chest radiograph and abdominal ultrasound did not show abnormalities, whereas a magnetic resonance imaging scan showed an image of renal cyst hemorrhage in both kidneys. Under the suspicion of hepatic cyst infection, the patient was treated with oral ciprofloxacin. Urine and blood cultures remained negative. Hospitalisation lasted 5 days, and in total ciprofloxacin was given during 42 days. Recovery was uneventful.

### Case 7 {#Sec15}

A 57-year-old man with ADPKD and a limited number of hepatic cysts (Fig. [1](#Fig1){ref-type="fig"}) was admitted to the hospital because of fever (39.8 °C), right-sided flank pain, diarrhea, vomiting, and headache. Lanreotide injections (120 mg) were started 19 months earlier. At admission, serum CRP was elevated (131 mg/L) and liver enzymes were not elevated (AST 23 U/L, ALT 22 U/L, ALP 71 U/L, GGT 35 U/L). Leukocyturia was excluded. A chest radiograph and abdominal ultrasound were unremarkable. Blood cultures grew *E. coli*, whereas urine cultures were negative. Under the suspicion of hepatic cyst infection, the patient was hospitalized and treatment with ceftriaxone intravenously was initiated by the local physicians. At discharge, after 3 days, treatment was switched to oral ciprofloxacin for a total of 7 weeks. Recovery was uneventful.

The time between injection and development of cyst infection differed widely between patients (1--21 days). The number of days between injection and cyst infection for the individual cases was: 16 (case 1 episode 1) 21 (case 1 episode 2), 8 (case 2), 9 (case 3), 8 (case 4), 16 (case 5), 11 (case 6), and 1 (case 7). It was not documented whether microbiologists were involved in the management of liver cyst infections and whether antibiotic susceptibilities were performed.

Baseline Characteristics of Patients Receiving Lanreotide {#Sec16}
---------------------------------------------------------

All seven patients that were diagnosed with a hepatic cyst infection were receiving lanreotide treatment. Baseline characteristics as listed in Table [2](#Tab2){ref-type="table"} were not different between patients randomized to lanreotide or control treatment (data not shown). Therefore, Table [2](#Tab2){ref-type="table"} provides the baseline characteristics of only patients treated with lanreotide, stratified for cases with (*n* = 7) and without hepatic cyst infection during follow-up (*n* = 147). A history of hepatic cyst infection was present in 29% (*n* = 2 of 7) of cyst infection cases, compared with 0.7% (*n* = 1 of 147) in non-affected patients (*p* \< 0.001). Of note, case 1 had two disease episodes diagnosed as hepatic cyst infection, and the second episode can therefore be regarded as having occurred in a patient with a history of hepatic cyst infection. Following this line of thinking, a history of hepatic cyst infection was present in 43% (*n* = 3 of 7) of cyst infection cases. At baseline, sex and age were comparable between cases and non-affected patients (*p* = 0.32 and *p* = 0.24, respectively), as was eGFR, height-adjusted liver volume (hTLV), and height-adjusted kidney volume (hTKV) (*p* = 0.97, *p* = 0.17, and *p* = 0.57, respectively). At the time the data for this report were extracted (28 January, 2016), the total duration of treatment with lanreotide was 342 patient-years, indicating an incidence of hepatic cyst infections of 0.23 per 10 patient-years (eight episodes of hepatic cyst infection).Table 2Baseline characteristics of patients in the lanreotide group with vs. without hepatic cyst infectionCharacteristicsHepatic cyst infection (*n* = 7)Missing (*n*)No hepatic cyst infection (*n* = 147)Missing (*n*)*p* valueFemale, *n* (%)5(71)077(52)00.32Age, years \[IQR\]53\[48--55\]049\[43--54\]00.24BMI, kg/m^2^ \[IQR\]26\[24--26\]026\[24--29\]00.19Serum Creatinine, µmol/L \[IQR\]128\[104--131\]0130\[109--153\]00.51 eGFR, mL/min/1.73 m^2^ \[IQR\]42\[41--58\]050\[40--59\]00.97 AST, U/L \[IQR\]25\[21--29\]023\[19--27\]00.50 ALT, U/L \[IQR\]28\[25--30\]023\[18--29\]00.12 ALP, U/L \[IQR\]66\[49--84\]067\[56--80\]30.90 GGT, U/L \[IQR\]47\[22--105\]033\[24--48\]00.20 Bilirubin direct, µmol/L \[IQR\]5\[3--5\]34\[3--5\]370.40 Bilirubin indirect, µmol/L \[IQR\]6\[1--14\]26\[4--8\]300.88Volume hTLV, mL/m \[IQR\]1901\[997--2723\]01218\[993--1667\]30.17 hTKV, mL/m \[IQR\]1093\[529--1893\]01150\[798--1658\]40.57 TLV \> 2000 mL, *n* (%)5(71)087(60)30.56Medical history, *n* (%) Hepatic cyst infection2(29)01(0.7)0\<0.001 Renal cyst infection1(14)013(9)00.63 Urinary tract infection3(43)074(50)00.70Data are expressed as mean ± standard deviation, percentage, or median with IQR*ALT* alanine aminotransferase, *ALP* alkaline phosphatase, *AST* aspartate aminotransferase, *BMI* body mass index, *eGFR* estimated glomular filtration rate average baseline and screening, *hTLV* height-adjusted total liver volume, *hTKV* height-adjusted total kidney volume, *GGT* gamma-glutamyl transferase, *IQR* interquartile range, *TLV* total liver volume

Literature Review {#Sec17}
-----------------

We identified 13 clinical studies assessing the effect of somatostatin analogs (lanreotide or octreotide) in ADPKD or PLD patients between 2005 and 2015 (Table [3](#Tab3){ref-type="table"}). One study was excluded as this was a post hoc analysis of a clinical trial that is also included \[[@CR15]\]. Of the 12 included studies \[[@CR9], [@CR12], [@CR13], [@CR16]--[@CR24]\], four studies involved randomized placebo-controlled trials \[[@CR9], [@CR16]--[@CR18]\], whereas eight studies were observational and lacked a control group \[[@CR12], [@CR13], [@CR19]--[@CR24]\]. A total of 455 patients were included (ADPKD *n* = 363; ADPLD *n* = 92), of whom 375 were treated with somatostatin analogs. Duration of study treatment varied between 6 months and 3 years. In seven trials, intramuscular octreotide-long-acting release (LAR) 40 mg every 28 days was used, and in five trials, subcutaneous lanreotide 120 mg was used every 28 days. Total duration of treatment with somatostatin analogs in these nine studies was 434 patient-years, compared with 151 patient-years with placebo or control treatment.Table 3Overview of somatostatin trials in ADPKD and/or ADPLD patients and reporting of cyst infection and other inflammatory complicationsAuthor, yearDesign (allocation)DurationInterventionPopulationInclusion criteriaEndpointsHepatic cyst infectionPlacebo controlled Ruggenenti, 2005 \[[@CR16]\]Randomized, placebo-controlled, cross-over trial6 monthsi.m. octreotide-LAR 40 mg every 28 days14 ADPKD (14 both intervention and placebo)≥18 years of age; ADPKD diagnosis; serum creatinine \< 3.0 mg/dL, but \> 1.2 mg/dL (men) or \> 1.0 mg/dL (women)TKV; kidney cystic volume; kidney parenchyma volume; eGFR; safetyN/A Keimpema, 2009 \[[@CR17]\]Randomized, double-blind, placebo-controlled trial (1:1)24 weekss.c. lanreotide 120 mg every 28 days32 ADPKD/22 ADPLD (27 intervention, 27 placebo)≥18 years of age; \> 20 hepatic cystsTLV; TKV; gastrointestinal symptoms (gastrointestinal-questionnaire); HRQoL (SF-36); safetyN/A Hogan, 2010 \[[@CR18]\]Randomized, double-blind, placebo-controlled trial (2:1)1 yeari.m. octreotide-LAR 40 mg every 28 days34 ADPKD/8 ADPLD (28 intervention, 14 placebo)≥18 years of age; severe hepatic cystic disease (\> 4000 mL hepatic volume or symptomatic and no candidate or declining surgery)TLV; TKV; GFR; QoL (SF-36); safetyOne patient developed abdominal pain and fever Caroli, 2013 \[[@CR9]\]Randomized, single-blind, placebo-controlled, parallel-group trial (1:1)3 yearsi.m. octreotide-LAR 40 mg every 28 days79 ADPKD (40 intervention, 39 placebo)\>18 years of age; ADPKD; eGFR ≥ 40 (MDRD)TKV; total kidney cyst volume; non-cyst kidney volume; GFR; safetyN/ANo placebo control group Chrispijn, 2012 \[[@CR19]\]Open-label observational extension study of Keimpema 20096 monthss.c. lanreotide 120 mg every 28 days25 ADPKD/16 ADPLD (41 intervention)≥18 years of age; \> 20 hepatic cysts; previous participation in LOCKCYSTTLV; TKV; gastrointestinal symptoms (gastrointestinal questionnaire), HRQoL (SF-36), safetyN/A Hogan, 2012 \[[@CR12]\]Open-label extension of trial Hogan, 20101 yeari.m. octreotide-LAR 40 mg every 28 days32 ADPKD, 9 ADPLD (41 intervention)≥18 years of age; severe hepatic cystic disease (\> 4000 mL hepatic volume or symptomatic and no candidate or declining surgery); previous participation in trial Hogan, 2010TLV; TKV; GFR; QoL (SF-36); safetyOne hepatic cyst infectionChrispijn, 2013 \[[@CR20]\]Randomized controlled, trial48 weeksi.m. everolimus 2.5 mg daily + i.m. octreotide 40 mg every 28 days compared with octreotide monotherapy15 ADPKD, 29 ADPLD, (23 octreotide monotherapy, 21 octreotide/everolimus)Between 18 and 70 years of age; TLV \> 2500 mL hepatic; symptomatic PLD (ECOG-PS ≥ 1 and ≥ 3 PLD symptoms)TLV; TKV; gastrointestinal symptoms (gastrointestinal questionnaire); HRQoL (EQ-5D); safetyOne suspicion of cyst infection. One patient developed anemia, malaise, fever, ascites, and abdominal pain Higashihara, 2015 \[[@CR21]\]Observational trial24 weeksi.m. octreotide-LAR 40 mg every 28 days4 ADPKD (intervention)Between 20 and 60 years of age; ADPKD; eGFR ≥ 45 (IDMS-MDRD); TKV ≥ 1000 mL and TLV ≥ 3000 mLTKV; TLV; GFR; safetyN/A Gevers, 2015 \[[@CR13]\]Observational trial24 weekss.c. lanreotide 120 mg every 28 days43 ADPKD (intervention)Between 18 and 70 years of age; eGFR \> 30 (MDRD); ADPKD with symptomatic (ECOG-PS ≥ 1 and ≥ 3 PLD symptoms) PLD (Gigot type II or III)TLV; TKV; GFR; gastrointestinal symptoms (gastrointestinal questionnaire); HRQoL (EQ-5D); safetyOne patient with hepatic cyst infection. Two patients with the suspicion of hepatic or renal cyst infection Hogan, 2015Open-label observational extension study of Hogan 20122 yearsi.m. octreotide-LAR 40 mg every 28 days28 ADPKD\
(intervention)≥18 years of age; severe hepatic cystic disease (\> 4000 mL hepatic volume or symptomatic and no candidate or declining surgery); previous participation in trial Hogan, 2012TLV; TKV; GFR; QoL (SF-36); safetyOne patient with hepatic cyst infection Temmerman, 2015Observational trial6 (*n* = 59) or 18 months(*n* = 51)s.c. lanreotide 90 mg every 28 days for 6 months, patients with reduction in TLV \> 100 mL OR non-responders continued another 18 months51 ADPKD, 8 ADPLD (intervention)≥18 years of age; symptomatic PLD with hepatomegaly due to ADPKD or ADPLDTLV; symptoms; nutritional status; TKV; GFRN/A Treille, 2014Case report6 (*n* = 2), 12 (*n* = 2) or 18 (*n* = 2) monthss.c. lanreotide 120 mg every 28 days6 ADPKD (intervention)eGFR \> 30 (MDRD)TKV; TLV; eGFRN/A*ADPKD* autosomal dominant polycystic kidney disease, *ADPLD* autosomal dominant polycystic liver disease, *ECOG-PS* Eastern Cooperative Oncology Group Performance Status, *eGFR* estimated glomerular filtration rate, *EQ-5D* EuroQol five dimensions questionnaire, *GFR* glomerular filtration rate, *HRQoL* health-related quality of life, *IDMS*-*MDRD* Japanese coefficient of Modified Isotope Dilution Mass Spectrometry-Modification of Diet in Renal Disease, *i.m.* intramuscular, *LAR* long-acting release, *MDRD* Modification of Diet in Renal Disease, *N/A* not available, *PLD* polycystic liver disease, *QoL* quality of life, *SA* somatostatin analog, *s.c.* subcutaneous, *SF*-*36* Medical Outcomes Study Form 36, *TKV* total kidney volume, *TLV* total liver volume

Four studies (all observational, none controlled) mentioned a total of six cyst infection cases. All cases occurred in patients receiving somatostatin analogs \[[@CR12], [@CR13], [@CR20], [@CR22]\]. In three patients, a hepatic cyst infection was diagnosed, \[[@CR12], [@CR13], [@CR22]\] while in the remaining three patients it was not specifically stated whether a hepatic or renal cyst infection developed \[[@CR13], [@CR20]\]. None of these events were deemed related to study drug by the authors of the original articles. In the case of all events being hepatic cyst infection episodes, the incidence rate would be 0.09 per 10 patient-years during use of somatostatin analogs. In addition, two studies mentioned two cases with fever of unknown origin, both patients randomized to octreotide treatment \[[@CR18], [@CR20]\]. In one case, an infectious cause was ruled out and the patient recovered after discontinuing the study drug, \[[@CR20]\]. whereas the other responded to antibiotic treatment \[[@CR18]\].

Discussion {#Sec18}
==========

In the DIPAK-1 Study, seven patients on the somatostatin analog lanreotide experienced a hepatic cyst infection, whereas no hepatic cyst infection was seen in the standard care group. In other studies with somatostatin analogs, potentially six hepatic cyst infections were identified, whereas no such events were observed in patients in the control or placebo groups.

Hepatic cyst infection is a potential complication of ADPKD that can be serious, and in nearly all cases leads to hospitalization \[[@CR25]\]. Diagnosing cyst infection represents a challenge \[[@CR26]\]. The cases described in this paper did not show any prodromi that could be considered as early symptoms of liver cyst infection. In three of seven cases, diarrhea was reported but stools were not tested for steatorrhea. Diarrhea is a very common side effect of lanreotide treatment. It has been described in 81% of patients in a recent trial \[[@CR13]\]. In none of the affected cases, stool cultures were performed.

In the case of abdominal pain and increased CRP, hepatic cyst infection should be included in the differential diagnosis. The proposed gold standard for diagnosing a hepatic cyst infection is a cyst aspirate containing white blood cells and pathogens. However, in clinical care, cyst aspiration is only rarely performed as a large group of cyst infections are caused by *E. coli* and most patients respond well to antibiotics. Therefore, blood cultures were not repeated after an episode of cyst infection. Blood and urine should be cultured when symptoms arise and an ^18^F-FDG PET/CT can be of diagnostic help. Antibiotic treatment should be given for several weeks guided by CRP levels, though there is no consensus about treatment duration. Some cases (case 4 and 5) received very long treatment with antibiotics (90 and 81 days), probably as both patients had a history of liver infection and the chance for recurrence was high. Therefore, physicians sometimes choose to treat patient for 1--2 months, although this is not evidence based. First-line treatment with oral ciprofloxacin is recommended, in the case of failure, percutaneous cyst drainage can be considered.

A systematic review of the literature on hepatic cyst infections showed that the treatment of hepatic cyst infection is highly heterogeneous \[[@CR27]\]. In the literature, there is no agreement on how to define 'treatment success'. C-reactive protein is a potential biomarker for the evaluation of infection activity; however, in our own clinical experience, persisting elevated levels of CRP are seen in the case of hepatic cyst infection \[[@CR28]\]. In the eight disease episodes that are described in this report, all hepatic cyst infection cases were diagnosed by local physicians as customary on clinical manifestations, in the absence of a positive cyst aspirate, but with positive 18F-FDG PET/CT scans in three patients. In some cases, the Principal Investigator was involved in the treatment of the liver cyst infection as the PI has clinical experience treating these patients. No patient developed tenosynovitis after treatment with ciprofloxacin.

The exact incidence rate of cyst infections in ADPKD is unclear. Only one study reported an incidence rate of 8.4% (33 of 389 patients) renal and/or hepatic cyst infection in ADPKD patients \[[@CR25]\]. The challenge is to differentiate the clinical picture of hepatic cyst infection with other more common causes of fever, increased inflammatory markers, and abdominal pain. Caroli syndrome is characterized by congenital cystic dilatation of the intrahepatic biliary tree and therefore not directly comparable with PLD in ADPKD, in which the liver cysts remain separated from the biliary tract. As a consequence of dilatation of the biliary tree, cholangitis is a major problem in these patients \[[@CR25]\].

After the fifth report of hepatic cyst infection, the steering committee and the data safety monitoring board decided to ask for an interim analysis to assess the risk of hepatic cyst infection with lanreotide. In retrospect, we deem the diagnosis of hepatic cyst infection highly likely in three episodes (case 1 first event, and cases 2 and 5), likely in three episodes (case 1 s event, and cases 3 and 7), and possible in two episodes (cases 4 and 6), because in these latter two cases alternative diagnoses may be considered (pneumonia and cyst hemorrhage, respectively). In accordance with good clinical practice, however, the diagnosis as judged by the reporting healthcare professional was adopted in all cases. We found that baseline liver volume, kidney volume, age, sex, history of renal cyst infection or urinary tract infection, and serum liver and kidney parameters were not different between patients receiving lanreotide who developed a hepatic cyst infection and those that did not. This observation is in line with a recent study of 461 ADPKD patients that failed to detect a relationship between patient characteristics and infectious complications \[[@CR29]\]. The only difference we found was that lanreotide-treated patients who developed a hepatic cyst infection more often had a history of cyst infection when compared with lanreotide-treated patients who did not experience such an event.

A literature search revealed that in other studies investigating somatostatin analogs in ADPKD and PLD, including ADPLD, cyst infections occurred in six subjects receiving active treatment \[[@CR12], [@CR13], [@CR20], [@CR22]\]. In three of six cases, no clear differentiation could be made between hepatic or renal cyst infections \[[@CR13], [@CR20]\]. Even when all cases were assigned as hepatic cyst infections, the estimated incidence rate in these studies was considerably lower than in our study (0.09 vs. 0.23 per 10 patient-years). These small-scale studies did not identify a causal relationship between cyst infection and use of somatostatin analogs, but this may be owing to the fact that these studies included relatively small numbers of patients, often lacked a control group, and that hepatic cyst infection has a low incidence.

After evaluation, it was decided that the trial could continue because all patients who developed a cyst infection recovered after antibiotic treatment without sequelae, and because lanreotide might induce a favorable effect on rate of disease progression. At that moment (6 August, 2013), almost half of the 154 patients who would ultimately receive lanreotide had already entered the DIPAK-1 Study. For safety reasons, however, it was decided to stop treatment in patients who developed a hepatic cyst infection, and to add a history of hepatic cyst infection to the exclusion criteria. Because of this latter exclusion criterion, lanreotide treatment was withdrawn in one patient. In addition, the patient's informed consent form was amended to provide information on this potential adverse event. The central IRB agreed with this line of reasoning. Thereafter, only three additional cases were noted until 28 January, 2016.

From the present data, it is unclear which mechanism underlies the increased incidence of hepatic cyst infection during lanreotide use. Liver cysts in ADPKD arise as a result of ductal plate malformation in the embryonic development, which leads to large dilated segments of the primitive bile duct with concomitant abnormal fluid secretion \[[@CR6]\]. It might be possible that bacterial translocation from the intestinal wall to the liver cysts is involved in the occurrence of cyst infections; however, research supporting this theory is lacking \[[@CR30]\]. In our cases with a positive culture, liver infections were caused by *E. coli*, a species that is present in the gut in large numbers. *Escherichia coli* translocates very efficiently, even across the histologically intact intestinal epithelium, possibly owing to a greater ability to adhere to the intestinal mucosa \[[@CR31]\]. Bacterial translocation from the gut to the liver might be promoted by a reduction in blood flow in the superior mesenteric artery and portal vein, which is a known effect of somatostatin analogs \[[@CR31]--[@CR33]\]. Another effect of somatostatin analogs is a reduction in gallbladder contractility. This leads to reduced bile flow, which might promote bacterial translocation via the biliary tract. Another potential mechanism could be that lanreotide affects the gut immune system by reducing antimicrobial peptides and proteins located at the epithelium \[[@CR32]\].

A potential limitation of the present analysis is that this is a retrospective interim analysis and that hepatic cyst infections were not diagnosed centrally but in clinical centers by local physicians. However, these physicians were not part of the study team, and were not aware of each other's findings, implying that investigator bias is unlikely. The main strength is that it reports on the largest study with a somatostatin analog for the indication to slow disease progression in ADPKD. The large sample size allows a better estimate of the safety profile of this drug class, including rare idiosyncratic drug reactions.

In clinical care, somatostatin analogs are used off label to treat ADPKD and PLD patients' mass-related complaints as a result of cystic liver disease. The increased incidence of hepatic cyst infection during use of lanreotide might be drug related, but may also reflect a class effect, as suggested by the findings of our systematic literature search that described incidental cases of hepatic cyst infection during treatment with other somatostatin analogs. Based on our experience, we advise physicians to be cautious when prescribing somatostatin analogs to ADPKD and ADPLD patients with a history of hepatic cyst infection and that patients should be informed about this potential risk. In the case of the development of a hepatic cyst infection, stopping somatostatin analog treatment should be considered, based on an assessment of the potential benefit of the drug vs. the possible increased risk for recurrent cyst infection.

Conclusion {#Sec19}
==========

During the ongoing DIPAK-1 Study, several cases of hepatic cyst infection developed in ADPKD patients in the lanreotide group whereas this was not the case in the standard care group. A history of hepatic cyst infection may be a factor that predisposes for a novel cyst infection. A literature review also suggested an increased risk for hepatic cyst infection during the use of somatostatin analogs. The main results of the DIPAK-1 Study are still awaited to fully appreciate the risk--benefit ratio of somatostatin analogs in ADPKD patients.

Electronic supplementary material
=================================

 {#Sec20}

Below is the link to the electronic supplementary material. Supplementary material 1 (PDF 159 kb)

M. A. Lantinga and H. M. A. D'Agnolo contributed equally to the article.

The members of DIPAK Consortium are listed in "Acknowledgements".

*DIPAK Consortium* The DIPAK Consortium is an inter-university collaboration in the Netherlands that is established to study autosomal dominant polycystic kidney disease and to develop rational treatment strategies for this disease. Principal investigators are (in alphabetical order): J. P. H. Drenth (Department of Gastroenterology and Hepatology, Radboud University Medical Center Nijmegen), J. W. de Fijter (Department of Nephrology, Leiden University Medical Center), R. T. Gansevoort (Department of Nephrology, University Medical Center Groningen), D. J. M. Peters (Department of Human Genetics, Leiden University Medical Center), J. Wetzels (Department of Nephrology, Radboud University Medical Center Nijmegen), and R. Zietse (Department of Internal Medicine, Erasmus Medical Center Rotterdam). *Data Safety Monitoring Board* Per-protocol patient safety in the DIPAK-1 Study is assessed by an independent data safety monitoring board. Members are (in alphabetical order): M. van Buren (Department of Internal Medicine and Nephrology, Haga Hospital, The Hague), C. A. J. M. Gaillard (Department of Nephrology, University Medical Center Groningen), N. J. G. M. Veeger (Department of Epidemiology, University Medical Center Groningen and Medical Center Leeuwarden), and M. G. Vervloet (Chair, Department of Nephrology, Free University Medical Center, Amsterdam).

Funding {#FPar2}
=======

The DIPAK-1 study is made possible by a grant from the Dutch Kidney Foundation (CP10.12), with Ipsen Farmaceutica B.V., the Netherlands acting as a minor co-sponsor. The Dutch Kidney Foundation and Ipsen had no role in the design or conduct of the study, or in the writing and submission of the manuscript.

Conflict of interest {#FPar3}
====================

Marten A. Lantinga, Hedwig M.A. D'Agnolo, Niek F. Casteleijn, Johan W. de Fijter, Esther Meijer, Annemarie L. Messchendorp, Dorien J.M. Peters, Mahdi Salih, Darius Soonawala, Folkert W. Visser, and Jack F.M. Wetzels have no conflicts of interest that are directly relevant to the content of this study. Edwin M. Spithoven has received payment for an Otsuka presentation about the epidemiology of ADPKD and future perspectives. Robert Zietse has received previous grant support from Ipsen. Joost P.H. Drenth has received previous grant support from Ipsen and Novartis. Ron T. Gansevoort holds the rights on the Orphan Designation status of lanreotide for the indication ADPKD, which was granted by the European Medicines Agency (EU/3/15/1514).

Ethics approval and consent to participate {#FPar4}
==========================================

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Consent for publication {#FPar5}
=======================

Informed consent was obtained from all individual participants included in the study.
